Spatial skills are a strong predictor of achievement and pursuit of employment in STEM fields. However, some individuals experience anxiety arising from situations that require performing spatial tasks in an evaluative context, and as a result, may avoid spatial related mental activities and exposure to spatially relevant experiences. We sought to generate and validate an instrument capable of reliably measuring individual differences in experiences of spatial anxiety. We developed a spatial anxiety data-driven approach, wherein an exploratory factor analysis was conducted within the framework for different types of spatial skills outlined by Uttal et al. (2013; https:// doi.org/10.1037/a0028446). In Study 1, factor analyses revealed that items loaded on three factors that corresponded well with some of the most common spatial abilities that have been discussed in the broader literature: navigation, mental-manipulation and imagery. The three subscales were high in internal reliability and between-scale selectivity. Study 2 then established that external validity was good for the navigation and manipulation subscales: higher anxiety ratings uniquely predicted lower objective performance and lower attitude/ability ratings on established measures within the respective subdomains. External validity was acceptable for the imagery subscale, uniquely predicting lower attitude/ability ratings on an established spatial imagery questionnaire. The overall result is an empirically validated Spatial Anxiety scale for use with adults that also respects the multifaceted nature of spatial processing. This questionnaire has the potential to provide a more comprehensive screening tool for spatial anxiety, and is a step toward identifying potential barriers to STEM education.
Hence, the current study set out to develop a reliable scale that measures individual differences in various subtypes of spatial anxiety (Study 1), and then to provide external validity for the factor structure of this newly developed spatial anxiety scale through ability and self-rating tasks (Study 2). We took special care to distinguish spatial anxiety from more general trait anxiety, as well as to establish discriminant validity among our various spatial anxiety subscales.
Study 1
The goal of Study 1 was to develop a novel Spatial Anxiety Scale incorporating the evidence that spatial processing is not a unitary construct. More specifically, our aim was to identify the appropriate number of subscales to include, and then to identify items most representative of each subscale.
Methods

Participants
Participants were 485 adults recruited via Amazon's Mechanical Turk. Of these, 449 generated a complete dataset; hence, subsequent analyses for Study 1 (with the exception of initial item triage -see below) preceded with N = 449 (227 female; age: range = 18.1 to 67.5 yrs, M = 33.59, SD = 11.34).
Procedure
All procedures and materials were reviewed and approved by the University of Chicago Institutional Review Board (IRB). The study consisted of a main questionnaire comprising the 80 candidate items (see Table 1 below) presented in randomized order. Several filler questionnaires and basic demographics information were also collected to prevent participants from inferring the purpose of the study. The various questionnaires were presented in randomized order, with the exception that the demographics survey was always collected last. All participants gave informed consent at the beginning of the survey. The study took approximately 20-25 minutes to complete. Participants were compensated $4 for their time. Spatial Anxiety 528
Stimuli and Materials
Initial item generation and triage -Initially, 130 items were generated to address the four categories of spatial skills put forth by Uttal et al. (2013) : intrinsic-static (e.g., detailed object imagery), intrinsic-dynamic (e.g., mental rotation or mental manipulation), extrinsic-static (e.g., comparing scales on a map), and extrinsic-dynamic (e.g., navigation).
A major goal in creating a spatial anxiety survey is to discriminate reliably between high and low spatially anxious individuals. Hence, an important preliminary requirement is eliminating candidate items that show floor/ ceiling effects and/or little variability in responses. To this end, we conducted a brief pilot/triage survey via Mechanical Turk (N = 64, 31 female, M Age = 35.58 yrs). The 130 initial candidate items were scored on a 0 (not at all anxious) to 4 (very anxious) scale. To pass triage and thus be considered for the main study, a given item was required to generate a mean response of greater than 1.0 (no floor effect), less than 3.0 (no ceiling effect), in addition to a standard deviation of at least 1.0 (sufficient variability). These prerequisites eliminated 50 items, and ensured that the remaining 80 items are likely to capture at least some meaningful variance with respect to spatial anxiety. The remainder of the study proceeded with these items.
Items -
The 80 items that passed triage are given in the Appendix. Also shown is their ostensible a priori categorization into subscales with respect to Uttal et al.'s (2013) classification. Note that we refer henceforth to the four categories using slightly more intuitive terms, which are abbreviated accordingly: Imagery (I) for intrinsicstatic, Mental Manipulation (M) for intrinsic-dynamic, Scalar Comparison (S) for extrinsic-static, and Navigation (N) for extrinsic-dynamic. Where a given item is ambiguous with respect to category, multiple categories may be indicated (e.g., 'IM'). These categorizations are entirely a priori, and were thus verified or rejected according to the factor analysis that follows (see Results).
To avoid bias, the categories from above (and in Appendix) were not shown to participants, and all 80 items were presented in a random order (randomized across participants, regardless of category). Participants were given the following instructions: "The items in the questionnaire below refer to situations and experiences that may cause tension, apprehension, or anxiety. For each item, mark the response that describes how much you would be made to feel anxious by it. Work quickly, but be sure to think about each item." Response options: 'not at all', 'a little', 'a fair amount', 'much', 'very much'. Items were scored 0 (not at all) to 4 (very much).
are related to one another (i.e., not fully orthogonal). For the same reason, to generate rotated solutions, we thus used the Direct Oblimin (delta = 0) rotation method.
Extraction yielded 11 factors with eigenvalues greater than 1 (Table 1) . However, 11 different subscales would prove impractical, so we instead opted for the more conservative initial cut-off of eigenvalues of at least 2 (above the line in Table 1 ). Note that this also limited us to factors capturing at least 2.5% of the total variance.
Moreover, the 4 factors correspond nicely to the number of spatial skill-types proposed by Uttal et al. (2013) , which was also the basis for how we generated the items in the first place. To get a clearer sense of what each factor represents, we next examined the loadings of individual items for the rotated 4-factor solution. The rotated factor loadings are shown in Table 2 . Note that loadings were taken from the pattern matrix; thus they represent unique factor loadings.
Factors 2 and 4 appeared to correspond clearly to a priori categories. Specifically, Factor 2 loaded highly on Navigation (N or SN) items almost exclusively. Some Scalar Comparison (S) items also loaded highly on this factor, though these tended to be thematically related to navigation (e.g., S07: "Memorizing routes and landmarks on a map for an upcoming exam"). Factor 4 loaded most highly on Imagery (I or IS) items.
Factor 1 appeared to comprise a combination of Mental-Manipulation (M) items, Scalar-Comparison (S) items, and items that were thought to be a combination thereof (SM). Indeed, half of the top 8 loadings belonged to combination (SM) items. One perspective is thus that Factor 1 simply merged the two Mental-Manipulation (M) and Scalar-Comparison (S) categories. On the other hand, two-thirds (14 of 21) M items showed loadings on Factor 1 of .5 or greater, while less than half (5 of 12) S items did so. In addition, the S and SM items that loaded highest on Factor 1 (bold items in Table 2 ) dealt with dynamic and often multi-dimensional mental imagery (e.g., SM01: "Asked to imagine the 3-dimensional structure of a complex molecule using only a 2-dimensional picture for reference", SM09: "Asked to imagine the motion of a mechanical system given a static picture of the system"). For this reason, we concluded this factor and the items that loaded highest on it as comprising a component best characterized as (anxiety about) Spatial Mental-Manipulation (or the intrinsic-dynamic category from Uttal et al., 2013) .
Factor 3 appears to have comprised items largely about anxiety (or comfort, given the negative factor loadings) about performing spatially related tasks in front of a classroom. Indeed, all four items highlighted in Table 2 for Factor 3 mention doing some activity 'in class' or 'in front of one's class'. Hence, this Factor was deemed as one of no interest for present purposes (and these items were of course omitted from the final version of the scale).
Given that Factor 3 failed to correspond to any of the four a priori categories, one possibility is that a 5 th factor may be warranted -and in particular, that said 5 th factor might correspond to the missing category: ScalarComparison (S). To this end, we also examined rotated factor loadings from a 5-factor solution. However, this factor showed an absolute loading greater than 0.5 (-.532) on only one item (M06: "Asked to imagine how the orbit of a comet changes over time"). Moreover, the loadings of the other items on the first four factors remained largely unchanged.
Taking the above results together, we believe that the most robust interpretation of the factor analysis is that we identified three key components of spatial anxiety which correspond most closely to the three a priori categories Spatial Mental-Manipulation (Factor 1), Spatial Navigation (Factor 2), and Spatial Imagery (Factor 4). ThereSpatial Anxiety 530 fore, the Spatial Anxiety Scale described in the following section comprises three subscales corresponding to these three factors/categories. Table 2 shows rotated factor loadings for the 4-factor solution for all 80 items. Loadings whose absolute value are less than .5 are suppressed (marked with a -). The top 8 loadings for each factor are in bold. See text (Methods, Items) for abbreviations. See Appendix for item text.
Spatial Anxiety Scale
To generate the final Spatial Anxiety Scale, we used the three factors identified in the previous section. For the specific items, we selected the 8 highest-loading items for each factor (bold items in Table 2 ). We chose the number 8 for several reasons. First, all three factors yielded at least 8 items with loadings of at least .5 or greater. Second, this number of items struck a pragmatic balance between respecting the specific subscales (and hence different types of spatial processing), and keeping the overall scale to a reasonable length. Specifically, 8 items is generally considered acceptable for establishing internal reliability (see also the section on reliability below), and the three subscales together thus yield 24 items in total, which is typical for comparable anxiety measures in other domains (Alexander & Martray, 1989; Hopko, Mahadevan, Bare, & Hunt, 2003; Suinn, Taylor, & Edwards, 1988) . The final scale is given in Table 3 .
Spatial Anxiety 532 Table 3 Spatial Anxiety Scale Asked to imagine and describe the appearance of a radio announcer or someone you've never actually seen I Given a test in which you were allowed to look at and memorize a picture for a few minutes, and then given a new, similar picture and asked to point out any differences between the two pictures Note. Table 3 gives the complete final Spatial Anxiety Scale broken into its three subscales: Mental Manipulation (M), Navigation (N), and Imagery (I). Instructions: "The items in the questionnaire below refer to situations and experiences that may cause tension, apprehension, or anxiety. For each item, mark the response that describes how much you would be made to feel anxious by it. Work quickly, but be sure to think about each item." Response options: 'not at all', 'a little', 'a fair amount', 'much', 'very much'. Scoring: 0 (not at all) to 4 (very much); sum scores across the 8 items for each subscale. Lyons, Ramirez, Maloney et al. 533 For norming purposes, Table 4 gives means and standard-deviations for each of the three subscales. Scores were computed by summing self-ratings (scored 0 to 4) across all 8 items in each subscale for each participant.
Subscale Item
M
Scores thus range from 0 to 32. Table 4 shows comparable means and standard-deviations across the subscales with means slightly below the middle of the scales' range. All three subscales were moderately positively skewed to a comparable degree. Reliability, interrelatedness, and selectivity -Using Cronbach's α, internal reliability was good to excellent for all three subscales (from Table 2 ). M: α = .917, N: α = .914, I: α = .862. Note. Correlations among individual items from the three subscales (from Table 3 ). Mean rs for same-scale correlations: M↔M = .579, N↔N = .569, I↔I = .443. Mean rs for different-scale correlations: M↔N = .300, M↔I = .300, N↔I = .278.
The subscales were related to one another, which is perhaps unsurprising as each assesses some aspect of spatial anxiety (M↔N: r = .476, M↔I: r = .526, N↔I: r = .486, all ps ≤ 9E-27). Note that the correlations are also Spatial Anxiety 534 not exceptionally high, indicating low likelihood of collinearity, which may prove useful when comparing the subscales in a multiple regression equation, for instance.
Finally, Figure 1 gives the item-wise correlation matrix for all 24 items in the final scale. Items from a given subscale were more related to other items from the same subscale than to items from the other subscales (all ps ≤ 2E-11). In other words, specific items tended to show good selectivity or 'preference' for items within their own respective subscale. In sum, the subscales were reliable, moderately interrelated, and selective.
Discussion
The goal of Study 1 was to develop a Spatial Anxiety Scale that respected the notion that spatial processing is not a unitary construct. Hence, our final scale (Table 3 ) includes three subscales that assess anxiety about Spatial Mental-Manipulation (M), Spatial Navigation (N) and Spatial Imagery (I). We arrived at these subscales by combining a data-driven exploratory factor analysis with a more theoretically driven view of what the main spatial skills are (taken from Uttal et al., 2013) . In this way, our three subscales closely correspond to three of the Uttal et al. categories of spatial skills (M ≈ intrinsic-dynamic, N ≈ extrinsic-dynamic, I ≈ intrinsic-static). We initially generated items intending to capture Uttal et al.'s fourth category (extrinsic-static, corresponding to Scalar-Comparison, S, here); however, factor analyses failed to reveal a separate factor onto which these items reliably loaded. Hence, in order to respect the data-driven prong of our approach, we refrained from including a fourth subscale for this category.
The result was three spatial anxiety subscales that were reliable and selective. The subscales were also moderately related to one another which potentially reflects their common theme of anxiety about spatial processing more generally, but the moderate correlations indicate the three subscales may predict unique variance in individual's spatial performance. With that said, Study 1 did not assess the external validity of either the scale or its subscales. For this, we now turn to Study 2.
Study 2
The goal of Study 2 was to assess the external validity of the Spatial Anxiety Scale (and in particular its three component subscales) developed in Study 1: Spatial Mental-Manipulation (M), Spatial Navigation (N), and Spatial Imagery (I). To do so, we examined the unique relation between each subscale (controlling for the other subscales and a measure of general anxiety) and attitudes and ability in the relevant spatial sub-domain using measures previously established in the literature. To establish a more complete picture, we assessed both selfrated attitudes/abilities and actual abilities.
Methods
Participants
Participants were 251 students at the University of California, Los Angeles (UCLA). 18 participants were removed from further analysis either for failing to respond correctly to catch survey items or for below-chance performance on one of the cognitive tasks. The final N for this study was thus 233 (164 female; age: range = 18.0 to 34.3 yrs, M = 21.12, SD = 2.11).
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Procedure All procedures and materials were reviewed and approved by the UCLA Institutional Review Board (IRB). Participants completed a survey battery and three cognitive tasks. The survey battery consisted of several questionnaires presented in randomized order (with the exception that a basic demographics survey was always presented last). The order of the three tasks and survey battery were counterbalanced across participants. Detailed descriptions of the surveys and tasks are given below. Participants were given 1.5 research participation credits upon completion of the approximately 90-minute study. Up to three participants were tested per session in their own individual work station. Participants were told that the goal of the study was to examine cognitive performance. To de-emphasize social comparison, we also told participants that everyone would be completing a different set of tasks so they should ignore the fact that some students might finish before they do. All participants were also given headphones to block out extraneous noise.
Surveys
The surveys of primary interest were the Spatial Anxiety Scale developed in Study 1 and self-rated attitudes/ ability scales for the three spatial sub-domains: Mental-Manipulation (M), Navigation (N), and Imagery (I). To remove variance due to general anxiety, we measured trait-anxiety. Several filler questionnaires of no interest were included to mask the nature of the study. Catch trials (e.g., "Select 'not at all'") were included at random intervals to ensure participants were indeed considering each item. If participants missed more than one catch item, they were excluded from further analysis. Descriptive statistics for the surveys can be found in Table 5 .
For previously established surveys, data were scored according to published norms. (Table 3 ). The only difference was that, due to a computation error, two of the items in the Mental-Manipulation (M) subscale differed. Specifically, items M04 and S09 were replaced with M06 and S01 (see Table A .1). However, given very similar factor loadings (.721 and .720; .714 and .712, respectively; see Table 2 ), the fact that the two versions of the subscale were correlated at r = .97, and that other results from Study 1 were nearly identical if one used M06 and S01 instead of M04 and S09, we believe that results from Study 2 should be highly indicative of the external reliability of the final version of the M-subscale given in Table 3 . As in Study 1, item-order was randomized across participants regardless of subscale to prevent thematic grouping. Scores for each subscale ranged from 0 to 32, with a higher score indicating higher anxiety.
Spatial Anxiety Scale (M, N, I) -This scale was nearly identical to that developed in Study 1
Self-rated attitude and ability scales (OSIQ-S, SBSD, OSIQ-O) -
To assess self-rated Navigation attitudes and ability, we used the Santa Barbara Sense of Direction Scale (SBSD; Hegarty et al., 2002) . This scale consists of 15 items pertaining to navigational abilities [examples: "My 'sense of direction' is very good", "I very easily get lost in a new city" (reverse-coded)]. In keeping with the scale's original design, participants respond on a 1-7 scale (strongly disagree to strongly agree). Responses are then averaged across items to give a participant's final score (range: 1-7), with a higher score corresponding to higher self-rated attitude/ability. In the validation study, the test-retest reliability of the SBSD was .91 .
To assess self-rated Mental-Manipulation and Imagery attitudes/abilities, we used the Object-Spatial Imagery cal graphics". Hence, for present purposes, we treated the 'object' component as self-rated Imagery attitude/ ability (OSIQ-O), and we treated the 'spatial' component as self-rated Mental-Manipulation attitude/ability (OSIQ-S). In keeping with the scale's original design, participants responded on a 1-5 scale (strongly disagree to strongly agree). Responses were then summed across items to give a participant's final score (range:
15-75), with a higher score corresponding to higher self-rated attitude/ability. Cronbach's alpha for the spatial scale in the validation study was .83. Cronbach's alpha for the Object scale in the validation study was .79.
Both scales have an excellent one-week test-retest reliability, (r = .81 for the spatial scale and r = .95 for the object scale; Blajenkova et al., 2006) .
General Trait Anxiety (STAI) -
To control for general anxiety, we used the 'trait' component of the State-Trait Anxiety Inventory (STAI; Spielberger et al., 1970) . The trait scale consists of 20 items and in the scale's instructions participants are encouraged to indicate how they generally feel [examples: "I feel that difficulties are piling up so that I cannot overcome them", "I feel satisfied with myself" (reverse-coded)]. In keeping with the scale's original design, participants respond on a 1-4 scale (almost never to almost always). Responses are then summed across items to give a participant's final score (range: 20-80); hence, a higher score corresponds to higher general anxiety. Note that this scale was intended to serve as a control measure.
Tasks
Descriptive statistics for all tasks can be found in Table 5 . Task Examples are shown in Figure 2 . where Z(x) corresponds to the inverse of the cumulative (Gaussian) distribution function (Stanislaw & Todorov, 1999) . A higher value of d' indicates better performance. An example trial is shown in Figure 2a .
Mental-Manipulation Ability (MRT) -
Navigation Ability (MapNav) -A revised computerized version of the Money Road Test was used to validate our Navigation anxiety subscale (Ferguson et al., 2015; Money et al., 1965) . In this version of the task, participants are presented with an on-screen image of a street map with a walking route marked by a dashed line.
The walking route meanders across the map and makes various left and right turns. Each turn is labeled with either an "R" or "L" to indicate a right or left turn. However, not all "R" and "L" labels correctly correspond with the turn that was taken. Participants are instructed to imagine that they are walking along the path and to click the "Y" button if the label corresponds with the actual direction of the turn taken, and the "N" button if the label does not correspond with the actual turn taken. The task began with instructions and a set of practice problems to familiarize participants with the response format. Once participants were ready for the main trials, they were Lyons, Ramirez, Maloney et al. 537 instructed to respond as quickly and accurately as possible. The test contained 33 turns with 10 turns labeled incorrectly.
Accuracy (in the form of error-rates (ERs), as the proportion incorrect) and response times (RTs, in milliseconds) were recorded on each trial. To correct for potential speed-accuracy trade-offs, and to reduce the number of statistical comparisons that needed to be run (thereby reducing the risk of false-positives), overall perform- Note. Figure 2 shows examples of the three behavioral tasks.
[a] Mental-Manipulation (MRT): participants determine which of the two figures in grey circles can be rotated to match the standard (black circle).
[b] Navigation (MapNav): The task proceeds along the route marked with the dashed line by highlighting (blue square) each turn in succession. Participants determine if the highlighted marker indicates the correct direction the route takes, from the perspective of a person following that route as if it were a street-plan.
[c] Imagery (EmbFig): Participants are shown the complex figure on the left for several seconds, after which it disappears and is replaced by the three options in grey circles. Participants indicate which of the three options was embedded within the prior complex shape.
ance was computed by combining ERs and RTs via the formula P = RT(1 + K·ER), where K is the number of response options (in this case 2) (Lyons et al., 2014) . This formula linearly weights RTs as a function of ERs on a scale from actual RT (in the case of 0% errors) to 2x RT (in the case of chance performance); hence, a higher score (P) indicates worse performance. An example trial is shown in Figure 2b . Further, test re-test reliability for this instrument is acceptable (r = .72; Ferguson et al., 2015) .
Imagery Ability (Pictures). -To assess Spatial-Imagery ability, we adapted an Embedded Figures task from Ekstrom et al. (1976) . Participants were shown a complex two-dimensional line drawing for six seconds and told to commit it to memory as best as possible. After the initial drawing disappeared (followed by a brief visual mask), three simpler line figures were shown. Participants' task was to identify which of the three simpler figures was part of (i.e., 'embedded in') the line drawing from a moment before. Participants had 10 seconds to respond. Note that there was a fixed set of 5 simpler line figures, and the 3 candidates on a given trial were always drawn from this set; moreover, participants were given time to familiarize themselves with the set during instructions. Participants completed a total of 30 trials (inter-trial-interval = 1000msec). Accuracy (in the form of error-rates (ERs), as proportion incorrect) and response times (RTs, in milliseconds) were recorded on each trial. Performance (P) was computed in the same manner as the Navigation task above, with the exception that the number of response options (K) was 3 in this case. A higher score (P) indicated worse performance. An example trial is shown in Figure 2c .
Results
Descriptive statistics and the correlation matrix for all variables are given in Tables 5 and 6 , respectively. The main goal of Study 2 was to establish external validity for each of the three Spatial Anxiety subscales. To do so, we used previously established measures to assess self-rated attitudes/ability and objective ability Lyons, Ramirez, Maloney et al. 539 thought to correspond to the particular type of spatial processing addressed by each anxiety subscale. We thus had 6 spatial assessments -a self-report and objective score that corresponded to each of the three subscales. In the results that follow, we regressed each of the 6 spatial assessments on the three spatial anxiety subscales, as well as general trait anxiety as a control measure (i.e., STAI). In this way, we were able to determine the unique relation between a given anxiety subscale and performance in the corresponding subdomain task (controlling for the contributions of the other two anxiety subscales and general anxiety). 
Verification -Factor Analysis and Reliability
Here we sought to replicate the factor loading structure identified in Study 1. Specifically, we tested whether items from the three different subscales loaded onto different factors, and whether items from the same subscale loaded most strongly on the same factor. The factor analysis was conducted using the same parameters as in Study 1, with the exception that only the 24 items from the final scale (Table 3) were included, and the rotated solution was limited to 3 factors (corresponding to the three subscales). Results were highly consistent with the notion that (1) items from different subscales load onto separate factors, and (2) items from the same subscale load onto the same factor (see Table 7 ). Consistent with this, internal reliability was good for all three subscales: M: α = .877, N: α = .864, I: α = .810. In sum, both the underlying factor structure and internal reliabilities from Study 2 replicated the overall pattern of results from Study 1, and thus provide further support for the notion that the three subscales should be treated as measuring anxiety about separate aspects of spatial processing. Note. Table 7 shows rotated factor loadings for the 3-factor solution for the 24 items included in the final version of the scale separated into the three subscales. Loadings whose absolute value are less than .4
are suppressed (marked with a -). Items are listed in the same order as Table 3 .
Spatial Mental-Manipulation Anxiety (M)
We hypothesized that higher M-anxiety would uniquely predict lower M-attitude/ability self-ratings; because higher scores indicated higher self-ratings, we expected a negative relation. We also hypothesized that higher M-anxiety would predict lower M-performance; because a higher score on this task indicated better performance, we expected a negative relation. Multiple regression results (Table 8a -b, with the most relevant results highlighted by bold type) were consistent with both hypotheses. 
Spatial Navigation Anxiety (N)
We hypothesized that higher-N anxiety would uniquely predict lower N-attitude/ability self-ratings; because higher scores indicated higher self-ratings, we expected a negative relation. We also hypothesized that higher N-anxiety would predict lower N-performance; because a higher score on this task indicated worse performance, we expected a positive relation. Multiple regression results (Table 9a -b, with the most relevant results highlighted in orange) were consistent with both hypotheses.
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Spatial Imagery Anxiety (I)
We hypothesized that higher I-anxiety would uniquely predict lower I-ability self-ratings; because higher scores indicated higher self-ratings, we expected a negative relation. We also hypothesized that higher I-anxiety would predict lower I-performance; because a higher score on this task indicated worse performance, we expected a positive relation. Multiple regression results (Table 10a -b, with the most relevant results highlighted in gold)
were consistent with only the former hypothesis: I-anxiety uniquely predicted I-attitude/ability ratings, but not objective I-performance at the traditional alpha level of .05. 
Gender Effects
We tested for gender differences on each of the three spatial anxiety subscales. Women showed significantly higher anxiety ratings for M-anxiety [t (231) 
Percentiles
For future norming purposes, scores corresponding to percentiles (in quintiles) are given for each subscale in Table 11 .
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Discussion
The main goal of Study 2 was to establish external validity for each of the three Spatial Anxiety subscales. All three subscales showed the predicted (unique) negative relation with established measures of self-rated ability/ attitudes in their respective subdomain of spatial processing. Two of the subscales (M-and N-anxiety) also
showed the predicted relation with objective performance in the relevant spatial subdomain, wherein higher anxiety corresponded to lower performance. These results thus suggest good external validity for the M-and Nanxiety subscales. External validity was less definitive for I-anxiety, with the predicted relation obtaining significance in the case of self-rated attitude/ability but only marginal significance in the case of objective ability. However, one may note that effect-sizes (partial-rs) were relatively similar for the unique relations between I-anxiety and imagery ability/attitudes (-.147) and between I-anxiety and objective imagery ability (-.112). Additionally, the lower relation between I-anxiety and objective performance may have been due to problems in task selection;
that is, the Embedded Figures task may not be the best measure of spatial imagery. We take this and other issues up further in the General Discussion below.
General Discussion
Spatial skills are an important component of STEM success. Yet, some individuals may be reluctant to engage in spatial related mental activities, in part, because they are made anxious by such experiences. We sought to develop and validate a tool to measure individual differences in spatial anxiety. To respect the well-established notion that spatial processing is not monolithic (i.e., it very likely comprises multiple disparate sub-skills), we developed spatial anxiety subscales in correspondence with a prominent theory-driven framework of spatial abilities (Uttal et al., 2013) . This theory-driven approach was supplemented by a more data-driven approach, wherein we let the data determine precisely which factors comprised the resultant subscales and the specific items that comprised each subscale. Specifically, the factor analyses from Study 1 revealed that items loaded on three factors that corresponded well with some of the most common spatial abilities that have been discussed in the broader literature (i.e., navigation, manipulation and imagery), including three of the four domains outlined by Uttal et al. (2013) . Internal reliability and between-scale selectivity was high; moreover, external validity was good for two of the subscales (M and N) and moderate for the third (I). The result is an empirically validated Spatial Anxiety scale that also respects the variegated nature of spatial processing (Table 3) . We discuss several points of consideration and potential limitations below.
One point of consideration is that factor analyses in Study 1 led to retention of just 3 of the 4 categories of spatial processing proposed by Uttal et al. (2013) . Our initial set of items was generated based on the 2x2 conceptual matrix for understanding the breakdown of different types of spatial skills by Uttal et al. (2013) . In that Lyons, Ramirez, Maloney et al. 543 framework, spatial skills are classified as a factorial combination of static/dynamic and intrinsic/extrinsic factors.
While we expected our items to fall into these four a priori defined categories, our data-driven approach led to the 'loss' of the 'extrinsic-static' category. This was driven by the fact that these extrinsic-static ('S') items largely loaded on the manipulation and navigation factors ( Table 2 ). Note that this result remained unchanged even if a 5 th candidate factor were added to the rotated model solution. Thus, at least with respect to spatial anxiety, it appears that the extrinsic-static category is largely indistinguishable from (anxiety about) manipulation and navigation. It is for this reason that we omitted this category from our final scale (though it is perhaps interesting to note that several items initially labeled as 'S' items did make it into the final M and N subscales). Here it is important to point out that we do not see this as a confirmation or rejection of the four-category framework proposed by Uttal et al. (doing so was not the aim of this paper); instead, we merely used that framework as an initial jumping-off point. Future work might be aimed specifically at developing an anxiety scale that more closely matches the Uttal et al. framework.
With respect to self-rated attitude/ability ratings, external validity (using rating scales previously established elsewhere in the literature) was excellent. One would expect that higher anxiety about a given domain should be related to lower ability/attitude ratings, which is precisely what we found. Each anxiety subscale (M, N, I) was a significant unique negative predictor of anxiety/ability ratings in its respective category (Tables 8a, 9a,   10a ). With respect to objective ability scores, external validity was good, albeit perhaps not as strong as the ability/attitude ratings. For mental-manipulation, M-anxiety was indeed a highly significant unique predictor of lower MRT (M-ability) performance (Table 8b ). For navigation, N-anxiety was a statistically significant unique predictor of lower performance on the Map-Navigation task (Table 9b) . It is worth noting that M-anxiety was in fact also a significant predictor of poor performance on this task. This may be due in part to the fact that we used a computer-based in-lab task to assess navigation ability, which may have lent to greater prevalence of mental-manipulation strategies being employed by some participants. A more active task where a person is asked to actually navigate a real (or virtual) space in future studies might show a stronger relation with N-anxiety. That said, we should emphasize that, despite this potential concern, N-anxiety was nevertheless a significant unique predictor of poor performance on the Map-Navigation task, over and above the contribution of Manxiety. Finally, it is important to point out that I-anxiety was only marginally significantly (p = .09) related to performance on the imagery ability (Embedded-Figures) task (Table 10b ). We discuss potential reasons for this in the paragraph below. In sum, all three subscales showed acceptable to good validity with respect to anxiety/ ability ratings; however, with respect to objective ability, while M-anxiety showed good external validity and Nanxiety showed acceptable validity (with the important caveat that task-selection may have influenced the results), I-anxiety fell just short. These results may be useful to consider when employing the various anxiety subscales in future studies.
Our spatial imagery anxiety (I-anxiety) subscale uniquely predicted lower imagery ability/attitude self-ratings, but it did so only marginally for our measure of objective spatial imagery ability (Embedded-Figures task). One point worth noting is that the effect-sizes for the unique relations between I-anxiety and imagery ability/attitudes (-.147) and between I-anxiety and objective imagery ability (-.112) were quite similar, falling just on either side of the arbitrary significance threshold of .05. With a slightly larger sample-size, both effects may have been significant at the traditional threshold. That said, the overall relatively small partial-correlations seen for the I-anxiety subscale may be the result of our I-anxiety scale being a suboptimal measure of anxiety about spatial imagery processing. However, we do not believe this to be the case given (1) the clear imagery-related nature of the items (see Table 3 ), (2) that these items all loaded on a factor separate from the M and N factors (Table 2) ;
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Another possibility is that the task we selected -the Embedded-Figures task -is not an ideal measure of spatial imagery ability. We, admittedly, had difficulty identifying a well-established task that provides a relatively pure measure of mental imagery ability. The Embedded-Figures task, while measuring imagery ability, also draws heavily on more domain-general short-term-memory processes, which could have reduced our ability to assess imagery performance specifically. Furthermore, there may be a difference between the vividness of one's mental images and their preference for representing and processing colorful pictorial images of individual objects. While they may be related, these are two distinct constructs. For example, in Blajenkova et al. (2006) , the object subscale of the OSIQ and the Vividness of Visual Imagery Questionnaire, which measures how vivid one's mental imagery is (VVIQ; Marks, 1973) were only correlated at r = .48. Thus, performance on the Embedded-Figures task may be more related to the quality of one's imagery rather than their propensity to use such imagery. This is an empirical question that future research could address. Furthermore, as is evidenced by the strong relation between performance on the Embedded Figures Task and M-anxiety, it may involve a strong mental manipulation component. As such, though we believe the I-anxiety subscale to be reliable and valid with respect to self-reported spatial imagery attitudes, we take a more reserved position with respect to objective spatial imagery ability. More broadly, we suggest the literature would be well-served by the development of a task that provides a more distilled measure of spatial imagery abilities.
In the current study the zero-order correlations for the I-anxiety subscale does not correlate with the OSIQ-S, SBSD, and MapNav (see Table 6 ). In the multiple regressions the I-anxiety subscale is a strong and significant predictor of all these variables but in the negative direction. While this may, at first, appear problematic, it is actually in line with previous research. Indeed, considerable cognitive and neuroscience research (e.g., Farah, Hammond, Levine, & Calvanio, 1988; Levine, Warach, & Farah, 1985) suggests that mental imagery is not a unitary construct, and instead argues that there are two distinct object and spatial imagery subsystems that en- Mental Rotation Test. Perhaps most important, the spatial and object sub-scales of the OSIQ have been found to be either uncorrelated (Blajenkova et al., 2006, Study, 2a) or negatively correlated with one another
We should also make clear that the work reported here is correlational in nature; thus, the causal direction of the spatial anxiety and decreased spatial ability relation is not yet clear. Poor spatial skills may pre-dispose one to develop spatial anxiety. Although we find that spatial anxiety predicts performance above and beyond selfreported ability ratings but this result in of itself is not enough to establish a causal direction. Follow up research should examine whether early performance around spatial relevant tasks contributes to growth in spatial anxiety or whether spatial anxiety derails the student performance outcomes for spatial tasks. Recent research in the comparable domain of math anxiety (e.g., Foley et al., 2017) , leads us to theorize that there is likely a bidirectional relation between spatial anxiety and performance on spatial tasks with some work suggesting the ability to anxiety relation is likely stronger than the anxiety to ability relation (Gunderson, Park, Maloney, Beilock, & Levine, 2017; Ma & Xu, 2004; Ramirez, Fries, et al., 2017; Ramirez et al., 2018) .
Regardless, the central focus of the current paper was to develop a tool that measures the various facets of spatial anxiety. We hope that this tool will prove useful for future research that aims to unpack the causal relation(s) between spatial anxiety, spatial ability, and attitudes about spatial situations in a manner that also respects the variegated nature of spatial processing.
There exists a number of limitations that should be acknowledge. For instance, a rule of thumb in studies attempting to validate scales is to collect 10 participants per item. Despite our large sample size we did not to follow this rule of thumb. We also did not measure state anxiety which could have provided a clearer picture of how spatial anxiety manifests itself in the moment. An addition limitation is that these results are limited to adults in North America. As such, an interesting future direction is to examine spatial anxiety as a function of various demographic factors, including age and geographical location. Our inclusion of the percentile norms for these data can serve to facilitate these future studies.
Conclusion
To conclude, spatial ability is an important domain of general cognitive factors predicting STEM entry and retention. Researchers have extensively studied how hormonal variation and environmental exposure contribute towards individual differences in spatial ability. However, the existing literature lacks an empirically reliable and validated scale for measuring spatial anxiety that also respects the widely-held view that spatial processing can and should be treated as comprising multiple sub-domains. By combining theory-and data-driven techniques, we developed a set of three spatial anxiety subscales to address this gap. Moreover, we showed that the majority of the subscales possess good and selective reliability. We believe this scale may be of considerable value to researchers and education stakeholders interested in addressing the affective factors predictive of spatial ability.
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